Abstract. We describe a new method for acquiring MR data by frequency encoding in two dimensions. This is achieved using an array of coils placed inside a standard MRI scanner to define local, linearly increasing values of B 0 . Pellet phantoms placed within the array produced FIDs which on Fourier transformation showed clearly resolvable peaks. Other promising aspects, as well as difficulties, of the experiment are discussed. Some future applications are outlined.
Introduction
There has always been interest in methods of acquiring MR data more rapidly to freeze motion and provide high temporal resolution e.g. EPI. Recently, parallel RF coil acquisitions which are used to reduce the number of required phase encoding steps such as SMASH or SENSE have been developed [1] . Most of these rapid methods trade off signal-to-noise (SNR) for speed and require systems equipped with multiple RF receivers.
Currently, spatial localisation is generally performed using the spin-warp method [2] . This method uses frequency encoding combined with sequential phase encoding to build a 2d image. Data acquisition is either within a single echo train (EPI, RARE) or over multiple repetitions acquiring one or more echoes (FSE, gradient echo etc). The disadvantages of these methods stem from the requirement to switch gradients rapidly, which places stringent demands on the stability of the system. For example, small phase errors during acquisition from eddy currents, say, can result in severe artifacts. Also, the minimum echo time for acquisition is lengthened due to the need to encode using switched gradients.
If it were possible to associate each pixel in the slice with a unique static magnetic field, and thus a unique resonant frequency, this could result in frequency encoding in 2 dimensions without the need for pulsed gradient encoding. After the Fourier transform of the resulting FID, each frequency would then represent a known pixel position. By removing the need for switched gradients, imaging would be faster without the disadvantages described above.
We propose to implement multiple regions of uniform magnetic field within a single uniform imaging volume, each with a different B 0 value, which can all be sampled simultaneously with a single RF receiver. We describe an initial experiment designed to test this possibility. Our technique, known as MAMBA (Multiple Acquisition with Micro B 0 Array), uses an array of B 0 coils with linearly increasing B 0 values placed directly into a standard MRI scanner. We report promising results showing simultaneous 2d localisation of pellet phantoms without using pulsed gradient encoding.
Method
A Perspex former was made for 2 layers of 25 Helmholtz coils, arranged in a 5 × 5 matrix. The coils were 15 mm square. The layers were 7.5 mm apart to achieve a Helmholtz arrangement (see Figure 1a ). The arrangement of turns was as follows to minimise the total difference in magnetic field between coils (+/-denotes clockwise/anti-clockwise):
The array was placed in a low field 0.2T MRI system (Innervision MRI, London) perpendicular to the B 0 field direction (L-R) (see Figure 1b) . Small Gadolinium-doped water pellet phantoms were made to fit in the middle of coils. A 1.5V AA battery and a 50Ω rheostat was then connected to the array to deliver a current of approximately 15 -35 mA. In the first experiment, a single pellet is placed in one coil of 11 turns, and the current varied from 17 mA to 32 mA. In the second experiment, a single pellet is placed in each coil at a time, with the current fixed at 17 mA. In the third experiment, 5 pellets were placed in coils with -11, -4, 0, +7 and +12 turns. In all experiments, gradients were switched off. We used standard gradient-echo sequences with 64 averages per measurement. Each FID had 256 data points. All FIDs were then 2d Fourier transformed using standard image reconstruction and then imported into MATLAB for analysis.
Results

Experiment 1: Frequency vs. current
The measured position of the peaks vs. current is plotted in Figure 2 , which shows a linear increase with current. The profiles through all the peaks are shown together in Figure 3 , expanded around the peaks. It shows a consistent line-width even with a doubling of current. This suggests that the Helmholtz arrangement is effective in maintaining a uniform field within the coil notwithstanding fields from surrounding coils. 
Experiment 2: Frequency vs. turns
The graph for peak frequency vs. turns is shown in 
Multiple pellets
The Fourier transform of the measurement is shown in Figure 5a . The profile through the peaks is shown in Figure 5b . The signals from the pellet phantoms are clearly resolved. 
Discussion
Considering the crudeness of the experimental setup, the results are surprisingly good. Figures 2 and 3 show that the field within a coil remains proportional to the current in spite of the presence of surrounding coils. Moreover, the profile widths remain constant, suggesting that the field remains uniform with increasing current. We attribute this to the Helmholtz arrangement. A major concern is the non-uniqueness of B 0 within the array. Figure 4 shows that some coils with different turns exhibit the same B 0 value. We are investigating ways of overcoming this. For instance, our choice of arrangement of turns might not be optimal. Or perhaps we need to increase the number of turns between coils from one to four for adequate separation. We note that even as it stands, by choosing not to use the coils which show non-unique values, it is possible to still have up to 16 coils in the array within which unique localisation in the plane is possible. In the last experiment, where we have taken care to place phantoms in coils that are separated by at least 4 turns, this does result in clear separation of peaks, and in principle, a localisation of the pellets in 2 dimensions.
We are examining other methods of overcoming non-uniqueness, including the use of local receive coils in the plane of the array, sensitive over a volume not unlike those of the pellets. The receive coils could be connected in series, necessitating only one RF channel. However, this will require the array to be at an angle to the main B 0 field. The optimum angle will depend on the configuration of the receive coil array relative to the B 0 array and will be the subject of further research. Data sampling strategy, RF pulse design, frequency and phase offsets and frequency bandwidth per coil also require further development. The full range of methods developed for highresolution spectroscopy are potentially available. In principle, sampling can take place to very high speed as no time delay for gradient switching is needed.
In spite of the considerable technical difficulties foreseeable in this technique, the possibility of 2d imaging within a single FID, with the advantages of speed, stability of static magnetic fields, and the absence of switched gradients make MAMBA worth investigating further. If successful, future applications might include rapid fMR time series from a skullcap type array. This would enable exact time registration between multiple locations. Planar flow imaging studies with correlated time series might also be considered. This technique may also be useful for multiplexed acquisitions.
